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j ,u„ ir u<te in the treatment of disease, including 
The present invention relates to prodrugs and their use in me treaun 

cancers. 

c„,c a riinicallv very valuable concept in cancer therapy since. 
The use of prodrugs represents a cluucaiiy very v« r 

The pr i anti-tumour agent under the influence 

rzr:. — — , - - - - • — — 

ot an enzyme monoclonal/antibody 
antieen the combination of such a prodrug wiin sum / 
Xe represent . ve„ power*. cUniea, .genr. This approach «o cancer rherapy. often 
"ZL .0 as -M direcred er*yme,pn*ug rherapy- (ADEPT) ,s drsCos.. . 
WO88/07378. 

u /-rripPT" Gene-Directed Enzyme Prodrug Therapy) has 
More recently, a similar approach ( GDEPT , Oene uirccicu 

Te " Id where in p..« of an -**«• — ' - » »«- 

J a ,L vector canying a gene encoding an enzyme eap, W e of acrivaring a M T* 

Z *•* * — ** -* * Mmwr specmc promottr or T IT , 

£ vim veeror enrers rumour ce«s ana expresses fte enzyme, in oraer ^ . P* 
E vened ro an acrive drug on,y in * viciniry of ft. -our ceUs (Huber er a,. P^N-L 
Id. Sci. USA (.99.) 85. 8039). The enzyme may be urged » pan.cu.ar subcelhuar 
locations or expressed at the cell surface. 

• provides novel prodrugs which contain protecting groups which are 
The present invention provides novel prourus . WOR8/07378 

iipophuic man compound, o, *e prior an such as ftose : - WO88/07378. 

20 Accoraing.,. rh= presen. invenrion provide, compounds o, me ,onnu,a 0): 



i 
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wherein X and Y are independently chlorine, bromine, iodine, a mesyl group CH, SO, or a 

l0 syl group OSO,phenyl (wherein phenyl is optionally substituted by 1. 2, 3. 4 or 5 

substituents independently selected from C M alkyl. halogen, cyano or nitro; 

n is an integer from 0 to 4 and each group R' which may be the same or different when n 
< is neater than 1 . is fluorine, chlorine, bromine, iodine, hydroxy, mercapto. ammo, mtro. C,, 

alky, optionally containing one double bond or one triple bond. C M alkoxy,- -CON R R 
R' and R' are as defined below). .NH(C,,-alkyl). -NCC.-alkyl): or C, 5 alkaooyl; 

or when n is 2 or more and two groups R» are on adjacent positions on the phenylene ring. 

2 adjacent R' groups together represent 
10 a) C4 alkylene optionally having one double bond; 

b) C3 alkylene: or 

c) CH=CH CI1=CH- -CH=CH-CH,- or -CH r CH=CH- each optionally subsututed with 
, 2 3 or 4 substituents said substituents each independently selected from the group 
consisting of C M alkyl. C„ alkoxy. halogen, cyano. nitro. C„ alkanoyl and -CONR7R8 

;< .wherein R7 and R8 are asdefiiKd below): 

m is an integer from 0 to 4 and R>. which may be the same or different when m is greyer 
than 1 is fluorine, chlorine, bromine, iodine, hydroxy, mercapto. amino. nim> C M alkyl 
!™ lany containing one double bond or one trip, bond. C, alkoxy, -CONR R' (wherein 
and R . are as defined below). -NH(C M -alkyl). -N(C .-alkyl), and C„ alkanoyl; or when 

20 n is 2 or more and two groups R' are on adjacent positions on the phenylene ring, 2 adjacent 
R* groups together represent 

a) C4 alkylene optionally having one double bond; 

b) C3 alkylene: or 
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, rH-CHCH-CH- -CH=CH-CH:- or -CH r CH=CH- each optionally substituted with 

consisting of C M C M alRoxy. halogen, cyano. nhro. C, 5 alfcanoy. and -CONR7R8 
(wherein R7 and R8 are as denned below): 
< 7} and 7? are each independently -O- or -NH-: 
R' is hydrogen. 1-hutyl or allyl; 

Z . „ , .roup -V-W where V is -CH=-T- in which T . -CH : , -0- -S . (SO) or (J 
J*, J, when V has su,ph.r or oxygen as Us second atom. W U orher rhan -COOH, 

halogen; or, when Ql and QZ are oow«u 

, . r C alkvlene radical optionally substituted with I. 2, 3 or 4 
additionally represent a C,-C, alkylene ra 

substiiuents independently selected from the group consisting of C M allcyl and ha 
W represents 

15 £ ToVo-Re wherein R6 repress .C„ a,„, C M cycloa,*. or ary. (as der,oed 

0> 6 . J O-d cycloaW. -A «« » N * ^ " 

20 group wherein 

aryl is phenyl; 3 heteroatoms selecled from ^ 

heteroaryl is a 5 or 6 memberefl ring conwu e 

of -COOH, -OH, -NH:, -CH r NH 2 . « M -CWn. 
the alkyl moiety may optionally carry a methyl group; 

the aucyi moi iy j * additionally represent -CF„ - 

(4) -SO,NHR9 wherein R9 is as defined for K/ ou 

CHXF, or aryl as defined above; 
■« SO RIO in which RIO represents H. C M alkyl or C„ cycloalkyl. 
30 (5) SO;R10 in wmcn v different, are as 

(6) PO ? R10R10 (wherein the RIO radicals, which may be the 

herein defined) 
:r- a tetrazol-5-yl group: 
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(8) -CONH-SOjRll in which Rll represents 

(a) C,. 7 cycloalkyl; 

(b) C M -alkyl optionally substituted with substituents selected from the group 
consisting, of aryl as defined below, C M -alkyl, CF, or halogen; and 

« (c) perfluoro-C,^ alkyl; wherein 

aryl is phenyl or phenyl having 1-5 substituents wherein the substituems are 
selected from the group consisting of halogen, -NO,, -CF,, C,_, alkyl. C M 
alkoxy , -NH 2 , -NHCOCH,. -CONH,. -OCH : COOH. -NH(C M -alkyl). -N(C,. 
4 -alkyl) 2 . -NHCOOC M alkyl. -OH, -COOH, -CN and -COOC M alkyl; and 
10 (9) -M-Het wherein M represents S, SO or SO : and Het represents a 5 or 6 membered 
heterocyclic aromatic ring linked to M via a carbon atom of the aromatic ring, said 
aromatic ring containing 1. 2. 3 or 4 heteroatoms selected from the group consisting 
of O, N and S said aromatic ring optionally being substituted on carbon atoms of the 
ring with 1. 2. 3 or 4 substiments selected from the group consisting of -OH. -SH. - 
15 CN, -CFj, NH : and halogen; 

and physiologically acceptable derivatives of the compound of formula (I). 

These prodrues can be activated at the site of a tumour by a carboxypeptidase enzyme, for 
example. CPG2 as disclosed in WO88/07378 or WO94/02450. The carboxypeptidase enzyme 
may be delivered to the site of a tumour by a GDEPT system as described in the prior an. 

0 A carboxypeptidase enzyme is capable of removing the glutamic acid or glutamic actd- 
derivative moiety (which are preferably in the L-configuration) of compounds of the formula 
(I) While not wishing to be bound by any one particular theory, it is believed the removal 
of the glutamic acid moiety from the compounds produces an unstable intermediate compound 
whiclTundergoes self-immolation to remove the 4-amino or 4-hydroxyl-benzylic system 

25 (situated between the groups Z» and *> thus leading to the release of the alkylating nitrogen 
mustard drug. 

CPG enzyme is available from Sigma Chemical Compaq. Fancy Road. Poole. Dorset, U.K. 
CPO enzyme was described in: Goldmar. P. and Uvy. C.C.. PNAS USA. & 1299-1306 
«967> and in: Levy. C.C. and Goldman P.. 1. Bio.. Chem.. W- 2933-2938 (1967). 
30 Carboxypepridase G3 enzyme has been described to Yasdda. N. e, at.. Biosci. Biorech. 
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Biochem., 5£: 1536-1540 (1992). Carboxypeptidase G2 enzyme has also been described in 
European Patent 121 352. 

Urge scale purification of CPG2 from Pseudomonas RS-16 was described in Sherwood et 

:l \"!5tV, Eur..I. Biochem.. 148. 447-453. 

CPG2 may also be obtained by recombinant techniques The nucleotide coding sequence for 
CPG2 has been published by Minton, N.P. et al.. Gene, 3J. (1984), 31-38. Expression of 
the coding sequence has been reported in E.coli (Chambers, S.P. et al., Appl. Microbiol, 
Biotechnol. (1988). 22, 572-578) and in Saccharomvces cerevisiae (Clarke. L. E. et al., J. 
Gen Microbiol, (1985) 111, 897-904). Total gene synthesis has been described by M. 
Edwards in Am. Biotech. Lab (1987), 5. 38-44. 

The present invention further provides nitrogen mustard prodrugs of the formula (II): 




00 



o 



wherein X. V. R'. n, Z . R : and m arc as defined for compounds of the formula (I), and 
physiologically acceptable derivatives thereof. 

These prodrugs can be activated at the site of a tumour by a nitroreductase enzyme, for 
example, as disclosed in WO93/08288. The nitroreductase enzyme may be delivered to the 
site of a tumour by a GDEPT system as described in the prior art. 

Physiologically acceptable derivatives of said prodrugs of formulae (I) and (II) include salts, 
esters and salts of esters. Esters include carboxylic acid esters in which the non-carbonyl 
no>ei> -I the e.ter grouping is selected from straight or branched chain C.^lkyl. (methyl. 
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n-propvl. n-bu.,1 or .-bury!); « ^cyclic »Ucy. (e.g. c,c.ohe*yl>. Salu k** 
physiological,, accept base salts, eg derived from an approve base, such as 
metal (e.g. sodium,. attaline ea*h metal (e.g. magnesium) salts, ammomum -d NR. 
(wherein R is C„ aUcyl) saiis. Cher salu include acid addition sate, tncludtng the 
5 hydrochloride and acelale salts 

Preferred values of X and Y are independenlly chloro. iodo and mesyl. 

Preferably, n either U aero or is 1 or 2 a»i * group© R' are independenUy fluorine, 
chlorine. bronUne. iodine or C M Similar.,, i, is preferred m either m . aero or . 
, or 2 and me group(s) R> are independenUy nuorine. chlorine, bromine, .odme or C M .U=yl. 

10 R j is preferably hydrogen. 

* t»i oro„n V W where V is -CH,CH,- and W is a group -COOH, -(C=0)-OR6 
Z- s preferably a group -v-w wnere v » . 

* ,r-™NR 7 R«' where R 7 and R 8 are independently 

where R* i< as defined above, or -(C=0)-NR R wnere n 

hydrogen or C,. 6 alkyl. 

Preferred compounds of ft. formula (., are .hose in which Z>. Z=. n and m are as defined 

15 above, and: 

X and Y are independenUy selected from chloro. iodo or mesyl; 

L phenylene group which may be oprionally subsurured by R l and * . unsubstmned or 
I, subaLred. me groupfs, R' ar*or * are mdepcndemly selecred from fluonne. 

ch!orine. bromine, iodine or C, alkyl: 
20 R J is hydrogen; and 

V is a group -CH,CH 2 -COOH. 

Compounds or me formuU (I, which are espectall, preferred are those in which X and Y 
independently represem iodo o, chloro; n and m are bom aero . 

R, represents hydrogen; Z, and * each mdepe^ml, represent -NH- or -0-. and Z, 
25 represents CH : CH : COOH, 
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Preferred compounds of the formula (II) are those in which Z' is -0- or -NH-. X and Y are 
The independently selected from iodo and mesyl, each phenylene group which may be 
optionally substituted by R' and R 1 is unsubstituted or if either is substituted, the group(s) R' 
and/or * are independently selected from fluorine, chlorine, bromine, iodine or C M alkyl. 
mr« preferably fluorine, and in which case n and/or m are 1 or 2. 

Compounds of the formula (II) which are especially preferred are those in which X represents 
iodo; n represents zero; V represents -O- or -NH-; R 5 represents hydrogen or fluorine: and 
m represents an integer from 1 or 2. 

The invention further provides pharmaceutical formulations. Such formulations comprise a 
compound of formula (I) or (II) together with one or more pharmaceutical* acceptable 
carriers or diluents. 

Pharmaceutical* accept earners or diluents include those used in fonnulations soluble 
for oral or parenteral (e.g. intramuscular or intravenous) administration. The formuhttons 
may conveniently be presented in unit dosage form and may be prepared by any of the 
5 methods well known in me arr of pharmacy. Such methods include me step of bringing tnto 
association me active ingredien. with the earner which constiru.es one or mom accessory 
ingredients. In general tire formulations are prepared by uniformly and intimarely bnngutg 
imo association rhe active ingredient with liquid earners or finely divided solid carriers or 
both, and then, if necessaty. shaping the product. 

t nor example, fom.ula.ions suitable for parenteral adminis.ra.ion include aqueous and non- 
aqueous sterile injection solutions which may conuin anti-oxidams. buffers, bacriosuttis and 
solu.es which render tire formulation isotonic with the bio* of the intended recipient: and 
aqueous and non-aqueous sKrile suspensions which may include suspending .gems and 
thickening agents, and liposomes or omer micropanicutare systems which are designed to 

25 target tile polypeptide to blood components 01 one or more organs. 

Suitable liposomes include, for example, titose comprising me positively charged lipid (NH- 
(2 .3^ioleyloxy)propyl)-N.N.N.,nemyUmmonium (DOTMA). those comprising dioleoyl- 



5 
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pnosphatidyleihanolam^^ 
carbamoyljcholesterol (DC-Choi) . 

In GDEPT the prodnig will usually be administered following the administration of a delivery 
«v 5 ,em conuinin. the gene encoding the enzyme. This includes administration of a modified 
virus encodine an enzyme. Typically, the virus will be administered to the patient and then 
the umake of the virus by infected cells monitored, for example by recovery and analysis of 
a biopsy sample of targeted tissue. 

A wide ranee of viral delivery systems for gene therapy are known in the art. For example 
EP-A^15 731 describes molecular chimeras comprising a promoter which may be activated 

10 in a tumour cell is operably linked to a heterologous gene encoding an enzyme capable of 
convening a prodrug into a cytotoxic agent. Such molecular chimeras may be used to express 
carboxypeptidase or nitroreductase in tumour cells, in order to activate prodrugs of the 
invention EP-A-415 731 describes incorporation of such molecular chimeras into v,ral 
vectors, e.g. adenoviral or retroviral vectors. Such viral vectors may also be adapted tor 

15 utilization in the present invention. 

Other recombinant viral vectordelivery systems are described in WO91/02805.WO92/ 14829. 
WO93/10814 WD94/21792. WO95/07994 and WO95/14091 the disclosures of wluch are 
incorporated herein by reference. Methods for producmg vector delivery systems based on 
the above-mentioned dia:losures may be used to deliver vectors encoding nitroreductase or 
20 carboxypeptidase to target cells. 

The exac. dosage regime for GDEPT will, of course, need ro be delennined by individual 
clinicians for individual partem* and to, in run, will be comrolled by the exac. nan... o 
die prodrug and the cyroloxic agen, «o be released from the prodrug bu. son,, genera 
guidance cao be given. CbemouKmpy of to type will normally usvolve paremcra 
25 adrntaiarauon of bod, the prodrug and d,e enryme or a ve«or encoding <be enryme and 
adminis.ra.ion by .he inaavenous rour. is frequemly found u, be the mos, pracucal. 

,„ GDEPT sysrems. .he amoum of venor deliver* will be such as .o provide an effecrive 
. 3l ,u.ar couccnuauon of enzyme so dm d* prodrug .nay be acuvarcd in sufHcen. 
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concentrations a. to si.« of a tumour .0 achieve a therapeunc effect, e.g. mduction in the 
mmour sire. This may be de.em.ined by clinical trials which involve administering a nmge 
of trial doses to a patient and measuring the degree of infection or tmnsfection of a urge, cell 
or tumour. The amount of prodrug retired will be similar to or greater man mat for 
« *DEPT svstems of me type mentioned above. For example, stable dose of prodrugs m 
such systems are described in Bagshawe « at. 199! in Antibody, tamunoconjugates and 
Radio-Pharmaceuticals T. 9.5-922. Such doses eg. from 5 .0 2000 mg/rrf (eg about 200 
m«/m= per dose (eg every one or two days or weekly) of prodrugs of the invention may be 
u*d. although doses outside mis rang, may be used a. the discretion of the phystoan. 

,0 The present invention also provides a system for use in the corneal of neoplasia In a tan 
or animal subject comprising a vector or other delivery sysKm capable of selectively mfecung 
mn ,ou, cells in said subject, said vector canying a DNA or RNA setpmnc. encoding an 
enzyme, in association with a prodrug of formula (I) or on capable of being convened .0 a 
nitrogen mustard compound by the action of said enzyme. 

,5 The present invention extends .0 a method of Keating neoplasia in a human or animal subject 
requiring such treatment which comprises administering .0 the hos, an effective amount of 
a prodrua of me invention and a modifted vims, said modified via* capable of selectively 
im-ecing mmour cells in said subject, said vuus carrying a DNA o, RNA sequence encodmg 
ao enzyme capable of convening said pmdrug .0 an active nitrogen mustard compound. 

20 The present invention also extends ,0 a memod of treating neoplasia in a human or animal 
.ubjec, requinn, such treatmen, which comprises administering to me host an efeutve 
amount 0, , prodrug of the invention and a mm vim. vector syaem. said non-vu* f» 
sy stem capable of being ae.ecdv.ly induced into mmour cells in said subject, sard «=» 
stem casing a DNA or RNA seq-Knce encoding . enzyme capable 0, convenmg satd 
25 prodrug ran Live nhrogen mustard operabl, H*ed to a promomr effective ,n expmasmg 
said enzyme in said ceils. 

vectors capab.. of snivel, infecting mmour cells am Known in .he «. By "selecri^r 
inline- . is mean, mat the vector, for .xampl. a modified vim, will pnmanly tniec, 
TZ CHS and that the ptoponion of non-tumour cells infected is such •ha, the damage ,0 
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non-tumour cells by administraUon of the prodrug will be acceptably low, given the nature 
of the disease being treated. Ultimately, this will be determined by the phys.c.an. 

It wul also be understood that the DNA or RNA sequence encoding an enzyme carried by the 
v^s will be linked to suitable expression control signals such that expression of the enzyme 
5 will occur in the targeted tumour cells. 

Non-viral vector sterns wH. be capable of being se.ec.Wely unreduced into mmour cells 
mining methods such as those mentioned above, e.g. calcium phospham co-r^ipimuon. 
microinjection. .iposon.es, duecDNAupu^.^recep^r-med^DNA^CMo^ 
& French Anderson. Annu. Rev. Biochem.. 1993,&;191>- 

Prodrugs o( the presen, invention may also be used as magenta in in vitro sysmms .o res. .he 
ac ,ivi,y of candidate enzyn.es which may be incorporated imo GDEPT sys..ms. 

For example, a mmour ce.. may be infeced or transfeced in vino by a vector containing an 
enzyme. The enzyme will be one which is. or suspected to be. capable of convert^ a 
prodrug of me invemion in.0 an active drug. Tbe prodrug is men added so me culntte and 
me amount of ceU Wiling or inhibition of cel. grow* is measured (for ezample by ustng 
vim. stain to record me number of viable ceiis or by rep.a.ing a sampie of me culture .o count 
*. number of viable cells). Tbis mode, sys.em may aiso be used to test .be toxtctty^ 
or selecrivity of compounds of me presen. mvendon agains, a range „ mmour cell *p*s 
suitable mmour cans for use in maze mode, systems incb.de ovar.au. colon, ghoma. breasi. 
sm= ;. .:ell and non-small cell lung cancer cells, and melanomas. 

..„ ___„, fot ax oroduciion of compounds of formulae (I) and 
The invemion further provides processes for uteprouuc 

f«r th* nrnduciion of a compound of formula u> 
(II) Thus the invention provides a process for the production ot v 

„• i. -„™™t>.« reactine a compound of the formula (III) 
as defined above which comprises reacung * wuu v 
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(HI) 



in which X, Y, R 1 and n are as defined for formuia (1) and V b -O- o, -NH- wnh a 
compound of formula (IV) 



R2(m; 




(IV) 



° 0 A OR3 

,„ which R> m. *. Z> and R 3 are as defined above, and Q is a reaving group. The reacnon 
may he performed in an aproric soivem and » Ore of a base. The invention ..so 

provides a process for Ore production of compounds of me formuia <U> which — s 
reacrine a compound of formu.a Oft as defined above * a 4-uurobenzy, chioroformare 
optional substirured wirh from 1 to 4 ereup(s) R' as defmed above. 

The invention former provides compounds of the formula (TV); 




(IV) 
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in which R : m. Z'\ R J and Z> are as defined above for compounds of the formula (I), and 
Q is a leaving group, with the proviso that when R> is fluorine, chlorine, bromine, iodine, 
hydroxy, mercapto, amino, nitro. C M alkyl. C M haloalkyl. C M alkoxy, C M haloalkoxy. C w 
olkenvl.. C, • alkynvl. and C ; , halrrttaiyl. R J is hydrogen or a C..alkvl group, and 3? ,s a 
5 group -CH,CH,COOX'° where X* is hydrogen or a Cl-6alkyl group, then Q is not a N- 
^ccinimidvloxv group. These compounds are useful as linkers which may be attached to 
active cytotoxic compounds to provide prodrugs of said compounds with increased 
lipophilic^. The compounds of formula (IV) may be linked to such cytoxic compounds v,a 
free -OH or -NH ; groups on such compounds, using methods and reactions descnbed below. 
10 or modified using routine experimentation. 

Such protected cytotoxic compounds may be useful in GDEPT methods, or in vitro assays 
used to study ^uch methods. 



ttripf TWriDtior «h* Drawings 

Figure 1 provides a reaction scheme used to make the compounds described in Example 9. 

15 Figure 2 provides a reacuon scheme used to make the compounds described in Example 15. 

Figure 3 provides a reaction scheme used to make the compounds of the invention described 
in Examples 1. 2. 3 and 4. 

Compounds of .he invention may be made using reactions and methods known per se in the 
an o, chemistry. The foUowmg methods are of particular use. and are funher iuuarated by 
20 reference to the Ex.mp.es where rndtcated. Such reference does not .unit me genera, reacuon 
schemes to Utose compounds ..one. The schemes nray be used for other compounds of the 

invention: 

a - «-n r r n..nds fe mfflla ffl where Z' is -Q< 
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<i, Compounds of formula (I) in which Z> = -O- and V = -NH-, may be prepared by the 
reaction of a nitrogen mustard of formula (III) 




(III) 



wherein X. Y, R 1 and n are as defined above and Z« is -O- with a linker of formula (IV) 




R2(m 

0 0 A OR3 

where R>. m. R> and Z> are as defined above. 7} = -NH- and Q is a leaving group. 

5 Preferred .eaving groups Q include a succinimidylox, group, a 4-niuopnenyloxy group, a 
penufluonopbenyloxy group and a retnchoroetbyloxy CH(C.)Ca, group. The react™ may 
be carried out in aprotic solvenrs in the presence of a base, for example THF and 
triethylamine or acetonitrile and basic resins (Example 1). 

, m Compounds of the formula (III) may be made starring from 4-ni.rophenol 

V v ,«„«fc\ n' ii* il -fined aboveV The phenolic group « 

optionally substituted with the ?roup(s) R (1>( noo 
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protected as an adamanttnyloxycarbonyl-derivative (by reacting the starting materials with 
adamantanvl-nuoroformate and triethylamine in THF a, rt). The protected 4-nitrophenyl . 
carbonate is reduced to the corresponding amine by hydrogen transfer in ethanol using 
ammonium formate and Pd/C 10% as catalyst at rt. The amine is then hydroxyethylated with 
ethylene oxide in AcOH at 20*C and then re-ted to the desired nitrogen mustard. Reference 
may be made to EP-A-433 360 or EP-A^90970 for suitable conditions. The compounds may 
he purified by column chromatography. Deprotection to remove the adamantyl group may 
be carried out in trifiuoroacetic acid. 



10 



15 



m Attentively, ihe nitrogen musutrd of formutt, <W> may be ac.iva.ed as a 
chloroforma-e by treatmen. with phosgene or rriphosgene in an aproric solvent and 
triethylamine followed by coupling with a compound of formula (V): 



R2(nV 




(V) 



where R= m. *. R> and Z> are as defined above. This may be carried out in THF or outer 
4 p r „.,c solvents in the present of a base .for example .rieU.ylam.ne or pyndtne). 

,iv) A further alternative rout, of synthesis of compounds of the formula (I) in whicl, 2 
is -o- involves direct coupling of4-ni.roph.no. op.ion.Uy substituted wtth the grmtpfs) R ,., 
,as defined above, with Use compound of Ute formula 0V> or b, —J* -hessrf 
optionally subs.iru.ed ^nttropheno! compound cMorofonn*. widt me compound of - 
m in which V is -NH- (see below, fouowed in each care by the teuton descr.bed above 
,o convert the nhro group, via an amine. .0 a musurd group. 



k 4SDOCID- <WO B622277A1 I > 
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(v) a way of obtaining compound (I) where Z« - -O- and V - -O- is from ^gen m^urd 
I I) where Z<= -O, by transforming it to the trimethylsily. derivative. The stly.ated phenol 
(III) where L y = _ 0 . Compound (V) is first 

is then coupled with a compound of formula (V) wnere ^ 

P , ,„ . th KF oh0SB ene and crown ether at -78 °C. in an aprotic 

activated as the fluoroformate with KP, phosgene aau «. 

so lv,n, ;*e Example 2). prior to reaction with silyated phenol. 
R Compound s nf fapay '» f 1 ) where Z 1 is^NlLl 

(i) compounds of *e fonrnda (I) » which 7> U -NH- may he made by reaction of a 
Ipound of fonnu- 0* in which Z' is -NH- w.rh a m*er of 

sow n. and in *. presence of a hase. Compounds of Che formu,. (...) -HH 
my be mad. from a Lba^-nhropheny. compound. oprionaUy subsnmred w«h U, grorrpCs) 
7 .as defmed above,. This is convened ro *e conesponding l-bis-bydroxveOryUmu^ 

c„m P o U nd * — - — — - - - * — ^ 

punned by co.umn chroma.ogr.phy. The cormsponding 4-m.ro rnrrogen munard may be 
Z 1 f r e*amp.e mesy.ar.on using mesy. ch.oride in pyridine and subset reac^r » 
0 mer ha,o musrards. e.g. bromo or iodo musrards « rerprhed. The gr»P 
reduced by hydrogen transfer in erhano, using ammonium formare and a Pd/C .0% ca*.ysr 



20 



at 20°C 

(ii) 



25 



A Uen U ,ive 1 yme 1 .bi,hydroxye,byUmino-4-m t rophe„,. M mpou 
„ be reduced using ammonium formare and Pd/C 10% as cara.ys. « emano. m 20* ,o 
Zl TZZL* phenyl— derivative. This derivarive can be convened 
ZZ ^responding ,an*» n,rog.n musrard as described in *e above paragraph, e.g. 
initially by reaction with mesyl chloride. 

isocyanare by rmaonen. wim Phosgene or <nph«gene m ^ 
example dibutyltin dilaurate (see Examples 3 and 4). 
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C: Compound nf formula (11): 

(i) Compounds of the formula (II) may be obtained by coupling nitrogen 

mustard phenol compounds described in section A(ii) above with 4-nitrobenzyl choloroformate 
cmtUmlly substituted with the gm«p(s) R : (n , (as defined above) in the presence or absence 
5 of triethylamine at 20°C. This is used to provide compounds of formula (n) in which Z' is 

•0- 

(u) Alternatively aniline nitrogen mustards as described in section B(ii) above 

may be used with the chloroformate as described in section C(i) above. This is used to 
provide compounds of the formula (II) in which Z 1 is -NH-. 

10 D: Compound of the form ula (IV) in which 7s is -NH-: 

(i) Compounds of the formula (IV) in which 2? is -NH- may be made from a 4-nitro 
benzvlic alcohol optionally substituted with the group(s) R\ m) (as defined above). The 
hydroxyl function is protected as a pyanyl- or r-butyl-dimethylsilyl (TBDMSi)-ethcr by 
treatment at 20°C with 3,4-2H-dihydropyran and pyridinium-p-toluensulfonate (PPTS) in an 
15 aprotic solvent or with TBDMSi chloride and imidazole in dimethylformamide (DM AT), 
respectively (Example 5). The intermediate thus obtained is reduced to the corresponding 
amine by hydrogen transfer in ethanol using ammonium formate and Pd/C 107c as catalyst 
at 20oC. This amine is converted to a glutamyl ester intermediate of formula (VI) (Example 
6): 
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where R». m. R> and Z> are as defined above. Z> is -NH- and Pr is the pyanyi- or 
,burvMimethylsHyl (TBDMSi)-ether protecting group. This may be done by treating the 
amine with triphosgene and triethylamine in toluene at 6(TC to provide the corresponding 
.ocyante. which is coupled with a glutamate derivative of formula R>0-C(0)-CH(NH : )-Z 

5 .here R J and Z are as defined above. Alternatively the corresponding glutamyl -*ncyana,e 
obtained from the corresponding glutamate by treatment with triphosgene and triethylamme 
in toluene at -78'C may be reacted with the amine in a one pot procedure (Example 7). 
Glutamate derivatives of formula R>0-C(0)-CH(NH 2 )-Z> may be obtained by reference to 
WO94/02450. Where necessary or desired, the group V may be converted to another group 

l0 V using routine chemistry known per se following production of the compound of formula 
(VI), or after reaction of that to the compound of formula (I). 

Ui) The compound of formula (VI) is deprotected to remove the TBDMSi or pyranyl 
.roups by treatment with mild acidic media (AcOH. THF and H.O or PPTS. EtOH. 55'C) 
(Examples). This yields a compound of formula (VI) in which Pr is hydrogen. Compounds 
l3 of the formula (IV) in which Q is a leaving group may be prepared using standard reacions 
known in the an (Example 8). 

«» Where Q is a succinimidy. group me compound of formuh. (VI) where Pr is 
hvdrogen may he .reared wi«h disueeinimidy.-earhooaur and rneUryiamine in ace.on.rrUe. 
Where a 4-nuropneny. carbonare group is desired rrearmen. wUh 4-ni.ropheny. ehlorofonnare 
20 and diamine in THF may he used (Exanple 9). A pemafluorophenyl carhop may he 
aoded hy in siru phosgenarion of pem.fluorophe.ol followed hy couptag . me .u*er of 
formula (VI) in which Pr is hydrogen. 

(iv, The compound of fomml. <VJ> in which Pr is hydrogen may he obminrf direefly by 
coupling of me 4-aminobenzy.ic a.eohol wirh glmamyl-isocyana* in apro.ie soWenrs 
25 (Example 10). 

p. m^ pnnnds o' fcg fe mali ™ M which 2? js -0-; 

fi) The starting materials for the linkers possessing a carbamic bond are 

... . . c > pi /•,<; defined above)) 4-hvdroxy-benzylic 

.^.ibstituied or substituted (with ihe groups) R „ n! (as detinea aoo 
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..cohols. These type of linkers may requi* an extra elecuon withdrawing group or, ft. 

aromatic nucleus in order to undergo ..^mutation. The 4-hydroxy group is speciftcaUy 

proteered as an acetate by treating the starting material widr acety.-v-nHazo.o-H.S-Wpyndme. 

a „d !N NaOH in THF a, 20-C. The aleoho. function of .he acetate is nmher protected as 
• pyranvl- or TBDMSi-ether by the procedures described in secrion D above. The aceute 
function is then depro.ec.ed ro restore the 4-hydroxy group in NaHCOj .,. MeOH ar 20-C 
The resulting ph.no. compounds are reacred in a one po, procedure wuh a protected 
ghmmvUsocyanate as descHbed in section M> above. This yie.ds a compound of Ute 
,„ m u.a of (VI) as shown above in which Z> is -O- and Pr is the pyany,- or 
10 ,-buryl-dimethylsily! (TBDMSi)-ether protecting group. 

,» Deprotection of this compound yieids a compound of the formuia (VD in which Pr 
ishydrogen.Tmsmaybeconvemd.oemnpoundsoftheformuMWbym.mods^.ogous 

to th^e described in section D <i"> above. 

l5 , 3-propanc-dithio, in the presence of BF,.Et*0, at room temperature, to give the 412 -(1 .3 - 
S slianyraphenoi. The coupiing of the protected phenol w.«a glutamyl . 
, 0 ,uene in the presence of E„N provides the di-rerr-buty. 0.(4-, ,1 .3 -S^S 
dimi.ny»)pheny, > oxyc M bony 1 .I,g.u 0 m.te. The d.protecrio» of this tntemtedtare to th 
correspolg aidehyde. is carried out with HgCCO.,, in THF at room temperature^ 
nJL of the aidehyde wuh a reducing agent Uke sodium cyano-borohydryde yte the 
Paired compound of formuia (VI, in which Pr is hydrogen and ZMs -O- <Ex»np.e 

(iv) Another procedure to obtain the deprotecKd ..dehyde is by direct coupling of 4- 
hydroxy-benzaldehyde with the glutamyl-isocyana* (Example 12). 

(v) A „ aUemative route ,0 me compound of formula (V,) in which V is -C and Pr is 
25 bydrogen is by direct coupHng of the 4-h,drox,.benayHc aleoho!, as ptnasstum pheno,«e 

1L from Ute starting — and re„-bu,oxyde in the presence of crown 

..her, with the conesponding giutamyl-isocyanate in aprotic solvems (Example .3). 



20 
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(vi) The compound of formula (TV) in which V is -O- and Q is a leaving group may be 
prepared using standard reactions known in the art. For example where Q is a 4-nitrophenyl 
carbonate group the compound of formula (VI) where Pr is hydrogen may be treated with 4- 
nitrophenyl chloroformate and triethylamine in THF (Example 14). 

5 p- Ai.^maiive sy nt^is of compounds of formula ffVH 

Compounds of the formula (TV) in which Q is hydrogen, tamo, chloro, bromo or -0-(N- 
succinimide) may also be obtained by reference to WO95/03830 published on 9 February 
1995 or WO95/02420 published 26 January 1995, the contents of which are hereby 
incorporated by reference. 

10 The following Examples illustrate the invention. The numbering of compounds given in the 
examples is according to that shown in schemes 1-3. 

Fxamplc 1. 
glutamatel (22) 

15 Activated linker 15b (0.20 g. 0. 57 ntmol) and 4.N.N-bis(2^hloroethyl)an,inophenol2» (0. 14 
g 0 60 mmol) was dissolve* to 10 mL aceu.ni.rile. Then 0.13 g of a strongly basic ream- 
Amberlys, 27 (OH form) was added and the reaction mixture stirred with the resn, for 20 h. 
The resin was filtered off. and an additional 0.08 g of fresh resin was added. After 30 mm 
of stirring, the second portion of resin was filtered off. and dte solvent evaporated. The 
product was purified by column chromatography (eluent: cyclohexane:AcOEt 2:1). to afford 
22 (82 tng. 32%). 'H-NMR t* 180-2.15 (2m. 2H. Cff 3 CH(NH)->. 2.30-2.45 (m. 2H. 
CH,CO.-allyl). 3.72 (s. 8H. WOyHjCIW. 4.3O4.<0(m. IH. CH-G ). 4.55 (d. 2H. 
,=5 «" CH,0 aUyl). 4.61 (d. 2H. 1=5.31. CH : 0 all,.), 5.13 (a. 2H. PhCH, ), 5.10-5.40 
( m. 4H. CH.- ally.). 3 80^.00(0,. 2H. CH= ally.). 6.64 <d. .H. ,-t.B Hz. NH-G). 6.75 
25 (d..2H. J-fcl0 W ' « » 2H ' -fc "> * » «-«>• 7 41 

(d. 2H. H^.0. 8.69 (s. .H.PbjVW. MS (FAB), nU, 636 (M+l. 60). 658 (M + 23 7). 
an,! (CJMWO* -"Ml H 5.54. N 6.60; found C 56.49. H 5.69. N 6.27. 
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Sdd (23) 

To a solution of 22 (100 mg, 0.16 mmol), PPh, (92 mg, 0.35 mmol) and Pd(PPh,) 4 (16 mg, 
0.014 mmol) in CH,C1 2 (8 mL). acetic acid (1 mL) were added and the mixture stirred for 

5 5 h under argon. The solvent was evaporated, and the residue kept under pump vacuum for 
2 h, then dissolved in acetone: AcOEt 1:1. The acetone was evaporated affording 23. PPh, 
w * precipitate in AcOEt. The solid was filtered, washed with AcOEt and then dissolved in 
50 mL CHCLand washed with aqueous citric acid 10% (2x50 mL). The organic layer was 
collected, H 2 0 was added and the CHC1, evaporated yielding 23 (28 mg. 32%) as a 

10 precipitate which was filtered from the aqueous solution. 'H-NMR d H : 1.80-2.00 (2m, 2H, 
C//\CH(NH)-). 2.15-2.25 U, 2H, C/*\CO,H). 3.72 (s, 8H, N(CH ? C// J C1) 2 ), 1.10- 
4.25fm.PhCH, ). 6.49 (d. 1H. J=7.34 Hz. NH-G). 6.75 (d, 2H. J=9.10 Hz. H mm2 .^.), 7.05 
(d. 2H. H^.j). 7.29 (d, 2H, J=8.53 Hz, H^J. 7.41 (d, 2H, H^,), 8.75 (s. 
IH.Ph.VH). MS (FAB), m/z: 556 (M+l. 55). 578 (M+23, 100). Accurate mass 

15 (C I4 H 27 N,O g Cl,Na): calcd. 578.1073; found 578.1070; . 

Example 2 . 

4>. pv.N-hisf2-chlorn«»thvl^aiiiiP 9lphenol-triinethvlsilvl ether (25) 
Phenol nitrogen mustard 21 (60 mg; 0.26 mmol) and Me,SiCN (40 „L. 0.3 mmol) were 
stirred at room temperature without solvent for 30 min; then 10 mL boiling hexane was added 
20 to die reaction mixture and the remaining solid filtered off. After evaporation of the hexane, 
25 (70 mg. 88%) resulted as an oil. 'H-NMR o H : 0.20 (s. 9H, Si(CH,),). 3.55-3.70 (m. 8H. 
N(C//,CH,C1) I ), 6.65 (d, 2H. J =9.30 Hz, H^), 6.73 (d, 2H, H„ DmJ+J ) MS (FAB), m/z: 
304 iM + ," 100). Accurate ■r.u>saC lJ H I1 Cl : NOSi) calcd. 305.0769; found 305.0765. 



hloroejhyJlamii^^ 




lvl.f(4'- 



25 f lutamatel (26) 

To a stirred solution of 14b (100 mg. 0.26 mmol) in CH : C1, (5 mL) at -78°C. was added 
phosgene (20% solution in toluene. 150 /tL, 0.3 mmol), KF (200 mg. 3.45 mmol) and 18- 
crown-6 ether (25 ,xL 0.12 mmol). After 1 h at -78'C. fluoroformate 24 was formed as 
indicated by IR spectra (Hxor-IK? cm '). Silylated phenol 25 (70 mg. 0.23 mmol) in 
CH.C1, (3 mL) was added and the solution stirred 1 h more at -78°C. then filtered and the 
evaporated. After purification by preparative HPLC (eluem: cyclohexane : AcOEt 4:1). 
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26 (60 mg. 417c) resulted. >H-NMR6 H : 1.90-2.20 (2m, 2H, CW 2 CH(NH)-), 2.45-2.60 (m, 
2H. CH,CO,-allyl). 3.72 (s. 8H. H{CH£Hfito. 4.15-4.25(m, IH, CH-G). 4.57 (d 2H. 
1 = 5.40. CH*0 allyl). 4.63 (d, 2H. J=5.28 Hz, CH 2 0 allyl). 5.23 (s. 2H. ?hCH } ). 5.15- 
5.35 <m, 4H. CH 2 = allyl), 5.85-6.00 (m. 2H, CH= allyl). 6.75 (d. 2H, J=9.11Hz. 
5 H .. . >. 7.06 (d. 2H. H Mm3 -r-V 7.14 (d. 2H. J=8.51 Hz. H^*,). 7.41 (d. 2H. H OT;i0 . ft ). 
8.31 (d. IH, J=7.77, NH-G); MS (FAB) m/z: 637 (M. 100) 

d'. i V | N.hi < r2.rhloroetHY')^i""1nheP Y'-^v-^bonvl.OYV-hPn7Vl-4.oxYcar^QPVl^ 
glutamic acid (27) 

To a solution of 26 (40 mg, 0.063 mmol), PPh3 (63 mg. 0.24 mmol) and Pd(PPh,), (12 rag. 

10 0.01 mmol) in CH 2 C1 2 (3 mL). acetic acid (80 M L) was added and the mixture stirred for 2 
h under argon. The solvent was evaporated and the residue dissolved in AcOEt (25 mL), 
washed with aqueous citric acid 5% (25 mL) and with H : 0 (25 mL). The organic layer was 
dried over MeSO, and the solvent evaporated. After purification by preparative HPLC 
(eluent CH,CI,:EtOH:AcOH 90:5:5) 27 (8 mg. 25%) resulted. 'H-NMR (CD,COOD). 

l5 5H.:.05-2.20 (O/,CH0N'H)-), 2.61 (t, 2H. Ctf : C0 2 H). 3.60-3.75 (m, 8H, N(C//,C// : .;i) 2 ). 
4.45-4.55 (m. IH, CH-G), 5.23 (s, 2H PhCH 2 ). 6.73 (d, 2H. J=9.20 Hz. IW*,). 7.06 
Id. 2H. H„ ora ,.,). 7.19 (d, 2H. J=8.59 Hz. H^,,)). 7.45 (6. 2H, H^); MS. (ESI) 
m/z. 557 (M + 1. 3). 
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Example 3. 
l^ghitamatel (171 

T. , solution of 14a (60 mg 0.15 mmol) in toluene (5 mL) was added isocyanate 16 (0.60 
mmol) in toluene (5 mL) and dibutyltin dilaurate (10 nL). The reaction mixture was stirred 
for 12 h at room temperature. The solid which formed was filtered off and the filtrate 
evaporated. Purification was acluev^ 

3-d when product 17 (90 mg, 90%) was obtained as an oil. 'H-NMR M -41 (s. 9H. r-Bu). 
1 42 (s 9H f-Bu), 1 .65-2.05. (2m, 2H, Cff 2 CH(NH)- ). 2.30-2.40 (m. 2H. CH 2 C0 2 -,-Bu ). 
3.68 (s! 8H, NCCW/WPW. 3 95-4.15 (m. IH. CH-G). 5.10 (s. 2H. PhCtf, ), 6.70 (d. 2H. 
J=8.75 Hz, IWr>. 7.10 (d. 2H, J-8.31 Hz, , H uo ^ s ). 7.28 (d, 2H, IW*,>. 7.42 
(d, 2H. H^). 8.92 (d, IH. J-7.80 Hz. NH-G), 9.36 (s. IH. Ph'-AW). MS. m/z (FAB): 
667 M + 1. 51. 689 (M +23. 100) 
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gjNjyas(2^£hloEB^ 
acid (18) 

Di-/-butyl ester 17 (90 mg, 0.135 mraol) was dissolved in formic acid (10 mL) and stirred 
under argon ai 12 °C for 24 h. The reaction mixture was lyophilised, the freeze-dried material 
i.ritun«d with CH,Cl : . 'he solvent removed *nd the solid kept in a dessicator ?4 h under 
vacuum to afford 18 (65 mg. 87%). 'H-NMR «„: 1.75-2.15 (2m, 2H. 0/ ; CH(NH)- ). 2.30- 
2.50 rm. 2H. C7/ : CO,H ). 3.68 (s. 8H. H(CH 3 CH,C\) Z ). 3.95-4.10(m. IH. CH-G), 5.10(s. 
2H. PhO^, 6.70 (d, 2H, J=8.66Hz. H^ ., ). 7.11 (d, 2H, J=8.29, H^). 7.28 (d, 
2H. H^..r). 7-42 (d. 2H, H^). 8.07 (d. 1H. 1=7.80 Hz. NH-G), 9.36 (s. IH, 
Vh'NH). MS. m/z (FAB): 555 (M. 90). 578 (M+23. 100). Accurate mass: calcd: 
(C J4 H J7 N,O s CI 2 Na), 578.1073. found: 578.1070. 

Example 4. 

dinllvl.r^^fV.N.his^.chlnrnPthvnamin ^phpnvlcarbamovl^-benzvl-^carbamoYl-L- 
giHtamatg] (19) 

A similar procedure as for 17 was used, starting from isocyanate 16 (0.54 mmol) in to.uene 
(5 mL). 8b (0.10 g. 0.27 mmol) dissolved in CH ; C1 : (5 mL). and dibutyltin dilaurate (10 
lit) to yield 19 as a solid. After further recrystallisation from hexane:AcOEt 9:2 19 (0.11 
mg. 64%) resulted. 'H-NMR 6„: 175-2.15 (2m. 2H, CT/ 2 CH(NH)-), 2.35-2.50 (m. 2H. 
OLCa-Allyl ). 3.68 (s. 8H. N(CH,C// J C1) 2 ), 4.25-4.40(m, IH, CH-G ). 4.55 (d. 2H. 
J=5 39 Hz, CH.O allyl). 4.61 (d, 2H. J=5.37 Hz. CH : 0 allyl). 5.01 (s, 2H. PhCtf, ). 5.15- 

5.35 (m. 4H. CH 2 = allyl), 5.80-6.05 (m, 2H. CH= allyl). 6.61 (d. IH, J=7.97 Hz. NH-G). 

6.69 (d. 2H, J=8.99Hz. H^*,), 7.28 (d, 4H. J=7.79 Hz. . H^^+H^.^.). 7-39 (d. 

:il. ii^- 4 >. 8-64 ts. iH.PhNW, ), 9.30 (s, IH, PhNtf). MS. m/z (FAB): 635 (M+ 1. 5), 

657 (M+23, 5). 

4 M N N.hi«f2.chl0 — *h Y n a mi^ 
acid (20) 

. Diallyl ester 19 (40 mg. 0.06 mmol) dissolved in CH 2 C1 2 (2 mL) was stirred with Pd(PPh,), 
(4 me) and pyrrolidine (15 M L, 0.15 mmol) The reaction mixture was kept under argon for 
45 min then diluted with 2 mL toluene. The pyrrolidine salt of the acid 20 precipitated and 
) was recovered by filtration. The free acid was obtained by extracting the precipitate with 
• Jii Cl./aqueous citric acu 10% . ihe organic layer was washed with H ; 0 and evaporated to 
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give the free acid (20 mg, 60% ) after filtration of the remaining water. 'H-NMR «„:1.70- 
2.05 (2m. 2H. C// 2 CH(NH)-). 2.20-2.35 (m, 2H, CH 2 C0 2 -allyl), 3.68 (s, 8H, 
N(C// 2 C// 2 C1) 2 ), 4.15-».30(m. 1H. CH-G), 5.01 (s, 2H. PhCH 2 ). 6.45 (d. 1H, J=7.98Hz, 
NH-G),6.69 (d, 2H, J=9.05Hz, H^-^ ), 7.27 (d, 4H, J=8.60Hz, H^^+H^-^ ), 7.39 
5 (d. 2H j. R j : , H^y.y), 8.65 (s, 1H, PhAW). 9.30 (s. 1H. Ph'NH). MS (FAB), m/z: 554 (M. 
50). 577 (M+23,100). Accurate mass: calcd: (C 24 H M N 4 0 7 Cl 2 Na) 577.1233. found: 577.1230. 
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Example 5- 

(d-nitrivhenzvl) /■hiitvl-di-Dhp pY l 'ffi l Y l ether r2a> - 

To a stirred solution of 4-nitrobenzyl alcohol (1.00 g. 6.50 mmol) and imidazole (0.97 g, 
14. 10 mmol) in DMF (10.0 mL). /-butyl-diphenyl-chlorosilane (1.98 g. 1.87 mL, 7.20 mmol) 
was added over 10 min under nitrogen at room temperature. The reaction mixture was stirred 
lor an additional 5 h. diluted with 75 mL Et 2 0, washed with H 2 0 (5 times. 15 mL). dried 
MgS0 4 ) and evaporated under vacuum. An oil which crystallised on standing, resulted: 
yield. 2.54 g. After recrystallisation from EtOH 70%. 2.36 g (93%) of a white soiid is 
15 obtained, mp 80-81 "C.^/cnY 1 (film): 2931. 2857 (CH : . asym.. sym.). 1521. 1345 (NO : V. 
'H-NMR. 6 H : 1.06(9H. s, r-Bu). 4.92 (2H, s. CH 2 ), 7.42-7.46 <5H. m, Ph). 7.63-7.65 (7H. 
m. Ph-fH„ om2+6 ), 8.23, (2H, d, J = 8.23 Hz. H^,); MS. (EI). (391.54); m/z: 334 (M - 
r-Bu, 100). 288 (M - r-Bu - N0 2 . 10). 256 (M - r-Bu - Ph. 20). 199 (Pl^SiOH', 100); 
CaH^NOjSi. 

20 4-nitrn-benzv l .2MetrahvdrAPY ranvl «*her(2b). 

To a stirred solution of 4-nitrobenzyl alcohol (1.53 g. 10.0 mmol) in CH 2 C1 2 (50 mL), 3,4- 
dihydrnpyran 0 36 ml.. 1.26 g. 15 n mmol) and pyridinium-r 'oluene sulphonate (0.25 g) 
were added. After 1 .5 h the reaction mixture was evaporated to 4-5 mL, AcOEl (25 mL) was 
added and the solution washed with water (3x50mL), then brine, dried (MgS0 4 ) and 
25 evaporated under vacuum. The product. 2b. (2.46 g, 99%) resulted as an oil. •H-NMR, «„: 

1.51-1.63 (m. 4H. 2H 4 -+2H S .). 1.66-1.74 (m. 1H, 2H 3 ) 3.50 (s, 1H. H 6 ), 3.78 (m, 1H. 

H 6 ). 4.62 (d. 1H. J=3.8 Hz. CH i: Ph). 4.72 (m, 1H. H ? ). 4.81 (d, 1H. CH 2 -Ph). 7.62 (d, 

2H. J=8.5 Hz, H,^. 8.22 (d. 2H : H_); MS, (FAB). (237. 52); m/z: 260 OT+23. 15). 

236 (M - 1. 45). 136 (4-NO,C 8 H J CH 2 M00). 
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Example 6. 

^. am inn-hPnzvn .-H»tvi.H.. phenv..silvl ether (?a) 

To a stirred solution of 2a (5.00 g. 12.80 mmol) in ethanol (100 mL) was added Pd/C 
,0%(1 50 g) and ammonium formate (4.60 g) in one portion at 20'C. After 1.5 h the catalyst 

- .vas temp ed by filtration, the filtrate concentrated under vacuum and the residue partitioned 
between EtOAc:H,0. The organic layer was dried (MgSQ 4 ) and concentrated to give 3a as 
, n ,n- vield: 4.24 g (91 %Y ^cm^mmV 3433, 3378 (NH,). 2931. 2857 (CH, asym.. 
svm.): 'H-NMR. 6 H : 1-00 (s. 9H. ,-Bu). 4.57 (s. 2H. CH 2 ), 4.98 (s broad. 2H. NH,). 6.52 
(d 2H. J = 8.25 Hz, H_ 5 ), 6.96 (d. 2H. H^ 6 >. 7.42-7,46 (m. 5H. Ph). 7.62-7.65 (m, 

10 5H, Ph): MS. (EI). (361.56); m/z: 361 (M*. 8), 304 (M - r-Bu, 100). 199 (PfcSiOH*. 100): 
anal (C 23 H 21 NOSi), C. H. N. 

M.»mino.hi>nEvl) -o-r.tp»r g hvdronvranyl ether (3bl 

^ .milar method as for 3a , as employed using 2b (8.53 g. 35.9 mmol) in ethanol (1 50 mL) 

r»~,*r<» n? Ob 180 0 mmol). An oil (6.40g, 36%) 
Pd/C 10% (3 50 g) and ammonium formate (1Z.U g. tou.u mn»u 

,5 resuhed a„er wo* up. which was purifi* by column chron^gmphy ««^"» 

I 'IV The desired compound elmed firs, as an oil (2.59 g. 38%). U* 1 («■»* 3447. 3360 

, 7oal 5R70 (CH, asym.. sym.); 'H-NMR. «„: 1.42-1. S3 (m. 4H. 
(NH,. sym. asym). 2943. 2870 (<-H,, asym.. y .„„..,, M ,u 

,„ + , H .>. 1 55-1.72 (m. 1H. JIM 3.45 (s. 1H. H.). 3.79 (m. lH. Hr). 4.22 <d. 1H. 

; H2 . ^ ^ «. «. 4.«> «. «. 5.00 < s . & nh,>. ». 

20 2H. 1=8.23 Hz.' IU. «• » «-* MS ' < E1 »' ,207 ' "* ■* W <M '' ,0 °>- "* 
(H 2 NC.H 4 CH 2 "\100): anal (C !2 H r NO : ,C. H. N. 

mmA : A suspension was formed h, adding 0.31 g (0,43 mL. 3, 
25 mammon of di-r-buryl-gluomare hydrochloride (0.46 g. 1.55 mmol) .„ 7 mL THF. The 
« 4, ,0.60 g. . 55 mmol, dissolved in 3 mL THF (dry, was added . rhrs a, room 
ZZ.. After.2 h me pr.cip.rare was flhered and me solvem mmo,eu ondec ~ 

cyclohexane 2:1) yielding 0.53 g (53%) of pure 7a. as a whue sohd. mp-89-90 C , /cm 
an ,Lv 3359(NH> 2932. 2857 (CH.. asym.. sym.). 1729 (C=0. esrer). 1670 (C— O. urea). 
50 Z cTr." *NMK. V . 03 is. 9H. ,-Bu). 1 ,0 , «. ,-Bu-glul. 1 .43 is. 9H. ,Bu- 

11, , 68-2.00 (2m. 2H. CH.NHK*,. 2,8-2.32 <m. 2H. C^Ow-Bu, 4.0M.U C 
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IH Ci/(NH)CH,). 4.68 (s. 2H. PhOT,). 6.38 (d, IH, J = 8.12 Hz, NH-glu), 7.19 (d. 2H, 
, = 8.41 Hz, H^,). 7.32-7.47 (m. 7H, Ph+H^*), 7.62-7.70 (m. 5H, Ph). 8.54 (s. 
IH. NH-Ph); MS. (EI), (646.90); m/z: 590 (M - f-Bu + 1 . 2), 534 (M - 2/-Bu + 2. 5). 478 
(M - 3f-Bu + 3. 100). 199 (Ph,SiOH% 100); anal (C^H^O^i). C, H, N. 
< Method B_: One pot synthesis of compound 7a : To a solution of di-f-buryl-glutamate 
hydrochloride (4.14 g, 14.0 mmol) and triphosgene (1.39 g. 4.67 mmol) in toluene, cooled 
at -78 T . 3 90 mL (2.83 g. 28 mmol) triethylamine in 10 mL toluene were added dropwise 
over 30 min. The reaction was allowed to reach room temperature and was completed by 1 
h. To this mixture, a solution containing (4-ainino-benzyl)/-butyl-diphenyl-silylether 3a (5.00 
10 e 13.8 mmol) and triethylamine (1.95 mL, 14.0 mmol) was added over 5-10 min. The 
reaction was completed by 20 h. The reaction mixture was filtered, washed with H 2 0 (200 
iriU HC1 solution 1 % (200 mL). Na : CO, solution 1 % (200 mL). H 3 0 (twice. 200 mL). dried 
(MeSO,) and evaporated under vacuum, yielding a thick oil. Yield: 9.90 g. (TLC. AcOEt : 
cyclohexane 3:1V The product was used for deprotection without further purification. 

15 ^i a llvl.f2-tetr^hvrtrnmran v t-n-hi»nzvn-4-rarhamovl-L-pl»tamate(7b) 

A similar one pot procedure was used, starting from diallyl glutamate-p-toluene-sulphonate 
(1 08 g 3.1 mmol). triphosgene (0.30 g, 1.03 mmol) and triethylamine (0.86 mL, 0.63 g, 
6 2 mmol) in toluene (20 mL) at -78 «C to prepare the diallyl-L-glutamyl isocyanate 6b. To 
the reaction mixture 3b (0.52 g, 2.5 mmol) and triethylamine (0.41 mL) in 5mL toluene was 
^0 added. An oil resulted (1,17 g) which was separated by preparative HPLC using 
cvclohexane: AcOEt 1.5:1 as eluent. The desired compound separated as an oil (0.75 g, 65%). 
y ' /cm" (film): 3362 (NHj), 2944, 2871 (CH,, asym., sym.); 'H-NMR, 6„: 1-47-1.50 (m. 
4H ?H t2H,). 1.60-l.a8vn, 3H. 2H,+ CH : CH(NH)-). 1.88-2.05(m. IH. -CHXIUNH)- 
) 2 37-2 45 (m, 2H. CHXO.A). 3.45 (s. IH, H,). 3.80 (m. IH, H 6 .). 4.20-4.31 (m. IH. - 
25 CH(NH)-) 4.35 (d. IH. J-11.55 Hz. CH : -Ph). 4.53-4.63 (m. 5H, CH,-Ph + CH 2 0 allyl). 
5 18-5 33 (m. 4H, CH,= allyl). 5.80-6.00 (m. 2H. CH= allyl). 6.60 (d, IH. J-8.03 Hz. 
NH-G). 7.20 (d, 2H. J =8.47 Hz, H_>. 7.35 (d. 2H. H^J, 8.47 (s, IH. NH-Ph): MS. 
(EI), (460, 53); anal (C^N^). C. H, N. 
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Example 8. 

H;./.hi.tvi , {4-hvdroxvhpnzvncarb3 mnvl-L-glutamate (8a) 

Tetra-butylanunonium fluoride solution in THF (1M) 20.0 mL (2.5 eq) was added to 
compound 7a (5.15 g. 8.0 mmol) in 100 mL THF at room temperature. The reaction was 
fhiHtoi in ? h (TLC AcOEt ■ cyclohexane 3: 1). The reaction mixture was evaporated under 
vacuum. The oil thus obtained was dissolved in AcOEt (50mL), washed with water (3x100 
m\X dried (MgSO,) and evaporated again. An oil (5.08 g) was obtained. The deprotected 
compound. 8a. was purified by column chromatography (AcOEt : cyclohexane 3:1) yielding 
1 88g (58.5%) of an oil which crystallised on standing. Recrystallisation from 60% aqueous 
MeOH afforded a white solid. Mp : 103-104 °C; u^/cm ' (film): 3370 (broad, NH+OH), 
2967 (CH,). 2930. 2857 (CH 5 . asym., sym.), 1716 (C=0. ester), 1678 (C=0. amide). 1153 
(C-0 str )• 'H-NMR. 6„: 1.40 (s. 9H. r-Bu), 1.42 (s. 9H. r-Bu). 1.72-2.00 (2m. 2H. 
CH(NH)CH,), 2.20-2.31 (m, 2H. O/ 2 C0 2 -r-Bu), 4.10-4.18 (m, IH. CH(NH)CH 2 ). 4.39 (d. 
2H J = Hz. CH,). 4.99 (t. 111. CH : Otf>. 6.38 (d. IH. J = 8.11 Hz. NH- S !uV 7.16 
(d 2H. J = 8.35 Hz. H„ onJ+5 ), 7.31 (d. 2H. H^. 8.50 (s, IH. NH-Ph); MS. (EI), 
,408.49); m/z: 408 (M* , 10), 352 (M - <-Bu + 1. 4). 296 (M - 2,-Bu + 2, 14): anal 
(C :i H J: N 2 0 6 . C.H.N. 

djaHyj , fd.hvrirnxvben ^v«)rarhamovl-l rplutamate (8fr) 

The intermediate 7b (0.61 g. 1.3 mmol) was hydrolysed at 45 °C in 24.5 mL of a mixture 
AcOH THF H,0 4:2:1 lor 3.5 h. (monitored by TLC. eluent. AcOEt: cyclohexane 1:1). The 
reaction mixture was diluted with 50 mL H 2 0. extracted with ether (2x25 mL), then with 
AcOEt (2x30 mL). The pooled organic layers were washed with water (2x30 mL). dned 
iMgS^ -nd evaporated to dryness (with addition ot toluene, 2*30mL,. An oil resulted (0.52 
g) which was purified by preparative HPLC (cyclohexane: AcOEt 1:2). yielding compound 
8b (0.221 g. 45%). ^/cm» (Him): 3354 (NH, OH broad), 1737 <C-0. ester). 1659 
(C=0. amide): 'H-NMR, fc: 185-1.93 (m. IH, C// 2 CH(NH)-), 2.00-2.05 (m, IH, - 
CKCHCW-). 2.46 (t, 2H. J=5-42 Hz. CH,C0 2 A). 4.26^.35 (m. IH, -CWNH)-), 4.40 
(d 2H J=5.64 Hz. CH 2 -Ph). 4.55 (d, 2H, 3=5.32 Hz. CH.O ally.). 4.61 (d. 2H. CH 2 0 
all'y!). 4.98 (t. Ill, OH). 5.17-5.37 (m. 4H. CH 2 = allyl). 5.85-5.94 (m. 2H, CH= ally!) 
6 56 (d IH J=8.03 Hz. NH-G). 7.17 (d, 2H, J=8.48 Hz. Hare J. 7.32 (d. 2H. H^). 8.52 
(s. IH. NH-Ph): MS. (EI). (376. 41): m/z: 399 CM' +23. 35). 377 (M* + l. 100). 359 (M- 
tU). 54,, anal (C.J^NjO.). C H. N. 
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Example 9. ^ yh{mwvl .L. e tnt a mate (9a) 

T^rtlZlTtowZ*™* * ° ? ™F (10 mU were added 0.11 g (0 
5 4-niuopheny. —ma* and rriemyUmme (0.1 mL. 0.6 .D « 

^ The reaction was comp.e.e by Ih. The precipe formed was fiUered and .he 
so.u ion concemrared under vacuum. AcOEt (.0 mL) was added, rhe so,urio„ w«hed w,rh 
brin, fiUO mX,, dried and evaporared again, giving an oi, (0.8 g >. The pr^r was 
purified b, column chromarography (0.16 g. 57%) and ..purified by preparauve HFLC (0. .4 
„ .../cm' (film,: 3349 (NHj). 2979. 2932 (CH, asym.. sym.,. .7*7 <C=0. carbonare , 
, 7c-0. esrer). ,652(C=0. amide,. .5,7. ,349 (NO,; 'H-NMR. a. ..39 (9H s. ,-Bu , 
.« 9H. s. ,BU,. 1.67-2.05 <2H. 2m. CHjCH(NH)->. 2.20-2.3. <2H. ^H^-Bu . 
4 08-4.21 OH. m. CH(NH». 4 63 (2H. , CH : Ph>. 6.46 „H, d. . = 7.99 Hz NH-,lu . 
7 33 (2H d. ) - 8 6. Ha. IW. ' « * 1M ^ * ' = ' ! 

"arum:- • .* ' * 

(C:,H„N.,0,o>. C. H. N. 



^ n f .^, 1 1 1 |^- T r -.^vl-r.rb 1 movH^hUam M e (9bl 
^"n 8b 0 .9 . 0.50 umrol^s^ained by a simUar pro« u„ , ^ punfied 
„v pre ararri, HPLC. Compound 9b reared as a whi,e so.id 4-6* ■ ^H-NMR. 

Jh 1.86-1.95 (m. ,H. CHXH(NH». 2.03-2.12 (m. .H. - CH,CH(NH>. • «• *™ 
»• 1-7.40 Hz. ^,.4.33^.48 (m. .H. -CVrCNH,-, 4.55 (d 2H. 3=5.33,* ,W 
a„vn. 4 6, ,d. 2H. CH : C a„y„. 5.17-5.38 fin. 4H. CH : = a„y,, * » «^ 5 £ 
5.96 (m. 2H. CH= a,,,.,. 6.65 <d. .H. .=8.26 Hz. NH-O, 7.34 3-8. Hz. 

,U 7.43 <d. 2H. W ' "»•« "-»• 8 * ~ ^ ) C 

, /w4.,i «)\ 542(M* + l,6);anal(C 26 H r NjO 10 ): C, 
NH-Ph); MS, (ED, (541, ); m/z: 564 (M +23, 60). 542 (M . / 

• « //- u k o NaV 564.1594; found 564.1590. 
25 H, N; accurate mass: calcd. (CjfiHz-NjU^a). 3o-».« 
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Fvample 10 

rtiaiiYL^nvM a - rnrenare d from diallyl glutamate-pnoluene 

To a solution of diallyl. glutamyl isocyanate 6b. (prepared from y g 

. v_ 4< a r 5 mmol) and tnethylamine (1U.3 mL. 

sulohonate (10.0 g. 25.0 mmol), triphosgene (2.46 g. 8.3 mmoijanu , 
sulphonate^ . inn mL thf at -78 °C1 was added dropwise 4-ammobenz>'l alcohol, 
75 0 mmol. 3 eq) in 100 mL inr. at io »»» 

75.U mmo.. j 4 ,., 43 ^ol) in 20 mL toluene, over 10 

28. au g. 24.3 mmol) and inetbylamine ^.41 mL. mm ; 
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min at room temperature. The reaction was complete by 15 min. The reaction mixture was 
filtered, evaporated to dryness and the residue dissolved in 20 mL AcOEt, washed with water 
(2x20 mL), dried (MgS0 4 ) and re-evaporated. An oil resulted (10,25 g). 2.7 g of the obtained 
product was submitted to purification by preparative HPLC when 1.52 g (63%) of pure 8b 

1 'C-iultcd 

Example 11. 

di^hiitvl^^'n'S^S S-dithienyn p tipnynoxvcarbonvl-L-elMtamatel Q2L 

To a solution of di-r-butyl-glutamyl isocyanate 6a (prepared from di-r-butyl-glutamate 

hydrochloride (1 .50 g, 5.0 mmol). triphosgene (0.50 g. 1 .66 mmol) and triethylamine (1.40 

10 mL, 28.0 mmol) in 50 mL toluene, at -78 X), was added 4[2 > (r3'-S,S-dithienyl}phenol, 
11(1 lOg. 5.0 mmol) and triethylamine (0.70 mlX After 12 h. the solid formed was filtered 
and the solution washed with: NaOH 1% (75 mL), water (2x75 mL). dried (MgS0 4 ) and 
evaporated. A white solid (2.30 g. 95.87,) was obtained Recrystallisation from aqueous 
EtOH 50% afforded the pure 12 (1.81 g, 72.7%). u^/cnv' (film): 3347 (NH 2 ). 2977. 2945 

15 ^CH„ asym., sym.). 1728 (C=0, ester); 'H-NMR, 6„: 1,41 ( s, 9H, i-Bu). 1.42 (s, 9H. t- 
Bu). 1.62-1.90 (m. 2H. CH 2 -5'). 1-90-2.32 (2m. 2H. CH 2 CH(NH)-). 2.30-2.40 (m. 2H, 
CH : CO,-f-Bu). 2.86-2.93 (m. 2H, CH 2 -4' or 6 ), 3.09 (t, 2H, 1=12.3 Hz, CH ; -6' or 4'), 
5.41 fs. 1H. H-2'Y. 7.08 fd. 2H. J = 8.50 Hz. H^,^). 7.43 (d. 2H. H arnn<2+6 ). 8.12 (d, 1H. 
j=7.81 Hz, NH-Ph): MS, (EI), (497. 67 ); m/z. : 497 (M\ 2). 451 (M - r-Bu . 2). 359 (M - 

20 2r-Bu. 20): Anal.: (Cj 4 H 2 5N0 6 S,). C. H, N. 

^i./.h^ltvLf4■b''nyaldehvno m?l ^hnnv| -^ plutamate(13a), 

To the solution of dithiane 12 ^0.50 g, 1 .0 mmol) in CHCl, ^10 mL) and THF (5 mL) was 
added dropwise a solution of Hg(C10 4 ) 2 .3H 2 0 (0.91 g. 2.0 mmol) in 5mL THF. After 5 min 
the precipitate was filtered and the solution is washed with H 2 0 (2x25 mL). sodium carbonate 

"►5 (25 mL). H,0 (2x25 mL), dried (MgS0 4 ) and evaporated. The compound 13a (0.33g. 81 %) 
was obtained as a clear oil. i^/cnY 1 (film): 3347 (NH 2 ). 2979. 2934 (CH 2 , asym.. sym.). 
1731 (C=0. ester). 1712 (C=0, aldehyde); 'H-NMR, 6 H : 1,41 (s, 9H, f-Bu), 1.43 (s, 9H, 
/-Bu), 1.80-1.87 (m, 1H, OT : CH(NH)-). 1.96-2.02 (m, 1H. CH 2 CH(NH)-), 2.32-2.39 (m. 
2H, CH,CO,-r-Bu). 3.99-4.04 (m. 1H, CH-G), 7.34 (d. 2H, J = 8.39 Hz. H,,^). 7 96 

30 M. 2H. H^L 8.29 (d. 1H. 1=7.72 Hz. NH-Ph). 9.98 (s. 1H. CHO): 
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v i | (ii-h v Hrnx Yhenr T 'i) »» Y" >rhonv| - | ^ gltftaina ^ 
Compound 13a (0.150 g, 0.36 mmol) dissolved in 5.2 mL of a mixture of 
H,0 AcOH CH,OH (1:1:1) was reduced with sodium-cyanoborohydride (0.027 g. 0.43 
mmol, at room temperature. After Ih, AcOEt (20 mL) was added, the reaction mixture 
.varied, the residue dissolved in AcOEt (20 mL). the solution washed with H : 0 (20mL>. 
brine (2x20 mL). dried and evaporated to dryness. Compound 14a (0.127 g . 86%) was 
rained as an oil. TT* final purification was achieved by preparative HPLC 
( cvclohexane:AcOEt, 2:1). u^/cm 1 (film): 3352 (NH, OH. broad), 2979. 2945 (CH 2 , 
asvm.. sym.), 1728 (C=0, ester). 1712 (C=0, aldehyde); 'H-NMR. ^ Mi (s. «. r-Bu). 

1 v (s 9H ,-B»). 1.70-1.82 (m. IH. C// 5 CH(NH)-). 1.94-1.99 (m, IH. C^CH(NH)-). 

2 31-2.38 (m. 2H. CH,COw-Bu). 3.97-4.02 (m. IH. CH-G), 4.48 (d. 2H. J - 5.70 Hz, 
PhCtf,OH). 5.15 (t. IH. OH). 7.03 (d. 2H. J = 8.39 Hz. H^,). 7.31 (d. 2H. H^*). 
8 04 (d. IH. J=7.88 Hz, NH-Ph). 9.98 (s. IH. CHO); anal: (C 2 ,H 31 N0 7 ). C. H, N. 
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Example 12. 

■ii./.h,nvl.U.b »'"^^«'hv»>oxvarhonYM.-ghi^mate(pa) , 

To a solution of di-r-butyl-glutamyl isocyanate 6a (prepared from di-r-buryl-glutamate 
hydrochloride (0.200 g, 0.67 mmol). triphosgene (0.067 g, 0.22 mmol) and triethylamtne 
(0 190 mL. 1.35 mmol) as above! in 15 mL CHCl, were added 4-hydroxybenzaldehyde 
(0 082g. 0.67 mmol) and triethylamine (0.190 mL. 1.35 mmol) in 10 mL CHCl, over 10 
nun. The reaction was heated under reflux for 2 h, then the solvent was removed under 
vacuum. The compound was purified by preparative HPLC (eluem: cyclohexane AcOEt 6: 1). 
Finally a clear oil was obtained (0.197 g. 72%). 

^ ! .iu. 1| <d.hvdro«v '---» yr"""'rt.°"v'-'ri-lirrnmMe('4'd 

A dear solurion of diallyl-gluramy. isocyanare «■ (reared from dially.-glutamare p-,„ uene 
su ,phona.e (3.28 g. 8.20 mmol). uiphosgene (0.8. g. 2.73 mmol) and rrieusylamtne 3.44 

obtained by filtering .he reaction mixture a, room remperarure. 4-hydroxyben^y, *** » 
(1 oo g 8.10 mmol, was dissolved in THF (dry) (.0 mL) and .8-crown-6 ether (0.20 mL 
and potassium ren-bmoxide (0 .6 g. . 4 mmol, were added. To mis mixmre. rhe soluuon o, 
JL* 6b was added dropwise a. room temperature with vigo.ous stirring. The reacuon 
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was terminated by addition of AcOH (0.5 mL). The reaction mixture was filtered and the 
solvent removed under vacuum. The residue was dissolved in AcOEt (20 mL). the so.ution 
W ashed with aqueous NaOH 4% (20 mL). with H 2 0 (2x20 mL). dried and evaporated to 
dryness. Compound 14b (1.62g. 53 %) resulted and was purified by preparauve HPLC 
(eluen, cvclohexane : AcOEt 1:1). Finally a clear oil was obtained <0 80 g. 26.5%). 'H-NMR. 
V 1 90-2.01 (m. 1H. CH 2 CH(NH)-), 2.05-2.09 (m, lH.-CH jC H(NH)-). 2.50-2.56 (m.2H, 
CH,CO,A). 3.96^.05 (m. 1H. -C//(NH)-), 4.48 (d. 2H, ,=5.67 Hz. PhCtfpH) 4.58 (d. 
2H ' J-S.26 Hz. CH,0 allyl). 4.63 (d. 2H. CH,0 allyl). 5.16 (t. 1H, OH). 5.19-5.38 (m, 
4H CH,= allyl), 5.95-5.99 (m, 2H. CH= allyl). 7.04 (d. 2H. J=8.47 Hz. H_ +s ). 7.32 
(d. 2H, H_ 6 ). 8.24 (d, 1H. J-7.B Hz, NH-Ph); MS. (FAB). (377. ); m/z: 400 i (M* +23. 
82). 378 (M- + 1. 3); curate mass (C 19 H a N0 7 Na): calc. 400.1372; found 400.1376 

Rxample 14. 

Atfvauoa of ,u*er Ma (..0 g. 2.7 -a, * * « " » 

Example 9. After pur.ftca.ion. an oil resulred (0 64 g. 41*). u„/cnr' (film); 3367 (.<*>. 
2980. 2933 (CH.. asym.. sym.). 1767 (C=0. carton). 1728 <C=0. ester); 'H-NMR. 5h- 
Ml <s. 9H. ,-Bu), 1.43 (s, 9H. ,-Bu, 1.89-1.94 «m. .H. C«,CHCNHR 1.96-2.03 (n, H. 

m 7,5 «.. 2H. i = 8.46 Hz. «_.,). 7.49 ,d. 2H. H^.J. 7.83 (d 2H I - 9,7 
Hz H ) 8 P (d JH. J=7.83 Hz. NH-Ph); 8.31 (6. 2H. W MS. (FAB). (574. 
30, r 597 (M*+23, .2). 575 (M*+l, 4). 5,9 (M - ,-Bu - .. .0). 463 (M - 2,-Bn - 2. 



20 



25 



4); 



30 



Suning from .4b (0.4 g . I.Kmmol, » - o^y a staUar, ^ 
y je ,ded an oil (0.448g, 75.5*). 'H-NMR, V ..80-2.01 (nr. .-. 

m. ,H CH.NHKH,). 2.50-2.55 (m. 2H. CH-CCA). 4.IM» (nr. IH. CH(NHH. 9 
d 2H. .=5.29 Hz. C*P any.). 4 63 (d. 2H. CH : 0 ally.,. 5,9-5.38 (nr. 4H. CH - 
5 3, <s. 2H. PhCH.l. 5.90-5.98 <m, 2H. CH- •*>• 7,16 <d. 2H. ,=8.43 W 
7 50 <d 2H H _ .) 7.58 (d. 2H. H„.„). 8.„ (d. 2H. H^,,); MS. (FAB), (542. 
£1 .0). mass; calcd. (C.H, .N : 0„Na>. 565,434; found 



565.1430. 
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CLAIMS 



A compound of the formula (I): 




o 

wherein X and Y are independently chlorine, bromine, iodine, a mesyl group CH, SO, or a 
tosvl eroup OSO :P henyl (wherein phenyl is optionally substituted by 1. 2. 3. 4 or 5 
substituents independently selected from C M alkyl. halogen, cyano or nitro; 
n is an integer from 0 to 4 and each group R'. which may be the same or different when n 
is greater than 1 . is fluorine, chlorine, bromine, iodine, hydroxy, mercapto. ammo, rutro. C„ 
alkyl optionally conuining one double bond or one triple bond. C M alkoxy. -CONRR 
(wherein R 7 and R- are as defmed below). -NH(C M -alkyl). -N^-alkyl), or C„ alkanoyl; 
or when n is 2 or more and two groups R' are on adjacent positions on the ohenylene nng. 
2 adjacent R 1 groups together represent 

a) C4 alkylene optionally having one double bond; 

b) C3 alkylene; or , . ... 
~) CH-CH-CH-CH-. -CH-CII-CH : «r -CH 2 -CH=CH- each optionally substituted wrth 
i 2 3 or 4 substituents said substituents each independently selected from the group 
consisting of C M alkyl. C M alkoxy. halogen, cyano. nitro. C„ alkanoyl and -CONR7R8 
(wherein R7 and R8 are as defined below); 

m is an integer from 0 to 4 and tf . which may be the same or different when m ,s greater 
than 1 is fluorine, chlorine, bromine, iodine, hydroxy, mercapto, amino, nitro C M alkyl 
options conuining one double bond or one triple bond, C„ alkoxy. -CONR'R (wherein 
R< and R» are as defined below). -NH^-alkyl), -N(C M -alkyl), and C„ alkanoyl; or when 
n is 2 or more and two groups R' are on adjacent positions on the phenylene ring. 2 adjacent 
S 1 croups together represent 
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a) C4 alkylene optionally having one double bond; 

b) C3 alkylene; or 

c) -CH=CH-CH=CH-. -CH=CH-CH r or -CH r CH=CH- each optionally substituted with 
I. 2. 3 or 4 substituents said substituents each independently selected from the group 
.lolling of C M alkyl. C H alkoxy, halogen, cyano, nitro, C, alkanoyl and -CONR7R8 
(wherein R7 and R8 are as defined below); 
V and 7. are eauh independently O- or -NH-; 
R J hydrogen, i-butyl or allyl; 

Z> is a group -V-W where V is -CH 2 -T- in which T is -CH,-, -O, -S-. -(SO)- or -(SC,)- 
,'provided that when V has sulphur or oxygen as its second atom. W is other than -CCOH) 
and said group V optionally further carrying one or two substituents Ql and/or Q2 on carbon: 
...hrr-in Q 1 and Q J each independently represents C M alkyl or 

halogen; or. when Ql and Q2 are bonded to adjacent carbon atoms. Q' and <? together may 
. ddiuonallv represent a C, C 4 alkylene radical optionally substituted with 1, 2. 3 or 4 
substituents independently selected from the group consisting of C M alkyl and halogen and 

W represents 

(1) COOH. 

(2) -(C=0)-0-R6 wherein R6 represents a C„ alkyl. C» cycloalkyl or aryl (as defined 
in 3 below) group: 

(3) _( C =0)-NR7R8 wherein R7 and R8 each independently represent hydrogen or a CI- 
6 alkyl. C3-6 cycloalkyl, aryl. heteroaryl linked to N via carbon or C7-9 aralkyl 
group wherein 
aryl is phenyl; 

heteroaryl is a 5 or 6 membered ring contaimng 1 to 3heteroatoms selected from the 
group consisting of nitrogen and sulphur; 

the aryl moiety per «. the heteroaryl moiety and the aryl moiery of the aralkyl group 
may be substituted on carbon with 1 -4 substituents selected from the group consisting 
of -COOH. -OH. -NHj, -CHj-NHj. -(CH2) M -COOH. tetrarol-5-yl and - SOj H and 
the alkyl moiety may optionally carry a methyl group; 

(4) -SO;NHR9 wherein R9 is as defined for R7 but may additionally represent -CF„ - 
CH,CFj or aryl as defined above: 

(5) SOJUO in which RIO represents H. C M alkyl or C,. 6 cycloalkyl. 
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«,) POJU0R10 (wherein the RIO radicals, which may be the same or different, are as 

herein defined) 
(7) a tetrazol-5-yl group; 
18) -CONH-SOjRl 1 in which Rl 1 represents 

(a) C.7 cycloalkyl: 

(b) C^-alkyl optionally substituted with substituents selected from the group 
consisting of aryl as defined below, C„-alkyl. CF, or halogen: and 

(c) perfluoro-C,* alkyl; wherein 
aryl is phenyl or phenyl having 1-5 substituents wherein the substituents are 
selected from the group consisting of halogen, -NO., -CF 3 , C M alkyl. C M 
alkoxy -NH 2 , -NHCOCH,. -CONH 2 . -OCH 2 COOH. -NH(C M -alkyl), -N(C,. 
,-alkyl),, -NHCOOC M alkyl. -OH. -COOH. -CN and -COOC M alkyl; and 

(9 , -M-Hei wherein M represents S, SO or SO, and Het represents a 5 or 6 membered 
heterocyclic somatic ring linked to M via a carbon atom of the aromatic nng. sa.d 
aromatic ring conuining 1. 2, 3 or 4 heteroatoms selected from the group consisting 
of O. N ana S said aromatic ring optionally being substituted on carbon atoms . f the 
ring with 1 , 2, 3 or 4 substituents selected from the group consisting of -OH, -SH, - 
CN, -CF 3 , NH 2 and halogen; 
and physiologically acceptable derivatives of the compound of formula (I). 

A compound according to claim 1 wherein R, and R : are each independently selected 
from hydrogen and fluorine. R, is hydrogen and Z J is a group CH 2 CH 2 COOH. 

* A compound *e formula (II): 




« 1 (n)+ J ^ ,N02 (||) 

v R2(m) 
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whercin X, Y, R\ n, Z\ R 1 and ra are as defined in claim 1, and physiologically acceptable 
derivatives thereof. 

4 A compound according to claim 3 wherein R l and R J are each independently selected 
from hydrogen and fluorine. 

5 A pharmaceutical composition comprising a compound according to any one of 
claims 1 to 4 together with one or more pharmaceutical^ acceptable carriers or diluents. 

6. 4 , -[N,N-bis(2-chloroethyl)amino]phenyloxycarbonyl-oxy-benzyl-4-carbamoyl-L- 
glutamic acid. 

7. 4'.[N,N-bis(2-chloroethyl)amino]phenyloxycarbonyl-oxy-benzyl-4-oxycarbonyl-L- 
glutamatic. 

8 4 , .[N,N-bis(2-chloroethyl)amino]phenylcarbamoyloxy-benzyl-4-oxycarbory1-L- 
glutamic acid. 

9. 4«rN,N-bis(2«Woroe*yl)anuno]p^ 
acid. 

10. Use of a compound according to any one of claims 1 to 9 in a method of treatment 
or therapy of the human or animal body. 

11. A two component system for use in the control of neoplasia in a human or animal 
subject which comprises a compound according to any one of claims 1 to 9 and a vector or 
other delivery system capable of selectively infecting tumour cells in said subject, said vector 
carrying a DNA or RNA sequence encoding an enzyme capable of convening said compound 
to a nitrogen mustard active against said tumour. 
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12 A compound of the formula GV): 

Y 

o 



R2(m 




(IV) 



° O OR3 

where R=. m. Z'. R> and Z> are as defined in claim 1. and Q is a leaving group, wid, .he 
proviso .ha. when* is fluorine, chlorine, bromine, iodine, hydroxy, mercapto. amino. m«o. 
C . alky.. C„ haloalkvl. Cm alkoxy. C M haloaUoxy. C M alkenyl- C~ ™ ^ 

haloalkenyl. R> is hydrogen or a CaKy, group, and Z' is a group -CH,CH,COOX» where 
X" is hydrogen or a Cl-6alkyl group, .hen Q is no. a N-suceinimidyloxy group. 

,3. A process for .he producion of a compound of formula (!) as defined in ckim 1 
which comprises reading a compound of .he formula (ID): 




(111) 



in which X. Y, R 1 and n are as defmed for formuU 0) and * b -O- or -NH- .with a 
compound of formula (IV) 



WO 96/22277 



36- 



PCIYGB9O00112 



R2(m; 




(IV) 



0 0 0R3 

in which R> m, Z\ Z> and R> are as defined above, and Q is a leaving group or W «h a 
compound of formula (V): 



R2(m; 




0 0 A OR3 



in which R=. m. V. V and R* are as defined above, and recovering Ore comport of formula 
llj produced. 

,4 A process for Ore producrion of a compound of formma (ID » defined m date. 3 
„bich comprises reacring a compound of formula (DD - «- * ^ » 

ch.orofonn.re oprionall, subsUrured whh from 1 «o 4 group(s> « as defined rn 
claim 3. and recovering .he compound of formula (TO produced. 
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15. A compound of formula (V) 



R2(m; 




OH 



H 



° (A>*3 



(V) 



wherein R ! . m. V. R* and Z 1 are as defined in claim I. 
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CH20H 



N02 
1 



CH20R1 



Fig.1. 

CH20R1 



N02 
2 

2a.Rl=TBDPS 
2b.Rl=THP 



CH20H 
+6 

NH2 
28 



ch; 



CH20R1 



NH2 
3a,3b 

+6a.6b 



CH20R1 



NCO 

0 + 4 o 

RO-^^OR 



i? 



5. R2=NH2" 

6. R2=NCO- 

6a.R=tBu 
6b.R=allyl 



r h y * — 

HN^y~%R 

,°O^OR 

7a.R = t-Bu.Ri=TB0PS 

J 7b.R=allyl.Rl=THP 
CH20H 



H H 



OR 

DO**" OR 

8a.R=t-Bu 

8b.R=aUyl 



Q= -Q-N02 



6° 

HN 



H 



Y N Y^ A or 

Oq^OR 
9a. 9b 
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